A 64-year-old male presented with increased abdominal fullness and fever. Radiological examination revealed moderate ascites, a tumor with a diameter of 12.5 cm in the mesenteric region, as well as multiple tumors in the thoracic and abdominal para-aortic regions and in the left supraclavicular regions. Pathohistological findings of the biopsy specimen revealed atypical spindle cells accompanied by infiltration of lymphocytes. The plasmacytes were positive for CD68, murine double minute 2 and S-100, while they were negative for α-smooth muscle actin, cyclin-dependent kinase 4 and anaplastic lymphoma kinase. Clinically, the patient presented systemic symptoms and laboratory results indicated an elevation in the inflammatory response, while the CT and MRI findings were consistent with an inflammatory myofibroblastic tumor (IMT). Based on the clinical and histological findings, the patient was diagnosed with IMT. In total, 4 cycles of combination chemotherapy with doxorubicin and ifosfamide were administered. Tumor size reduction by 50% was achieved subsequent to the 4th chemotherapy cycle. In conclusion, successful control of this rare metastatic IMT was achieved by systemic chemotherapy.
Introduction
Inflammatory myofibroblastic tumor (IMT) is a relatively rare disease that predominantly occurs in the peritoneum, retroperitoneum and lungs of young people; a previous study of 38 cases reported a median age of 8.5 years (1). This disease is histologically characterized by the proliferation of various spindle cells, which are of mesenchymal cell origin, in myxoid or collagenous stroma with prominent inflammatory infiltrates (2) . IMT cells can potentially behave as locally invasive and are rarely metastatic (in <5% of cases) (3) . In recent studies, a chromosomal translocation involving 2p23 and subsequent anaplastic lymphoma kinase (ALK) gene rearrangement was identified in ~50% of IMT cases (3, 4) . The ALK inhibitor, crizotinib, was demonstrated to be an effective therapy for ALK rearrangement-positive IMT cases.
Complete surgical resection is typically conducted for localized IMTs (5); however, no standard therapeutic strategy has been established for inoperable or metastatic IMTs. In the present study, an extremely rare case of metastatic IMT that responded successfully to combination chemotherapy of doxorubicin and ifosfamide was reported.
Case report
A 64-year-old male presented with abdominal fullness, fever and severe fatigue in March 2014. These symptoms had worsened within half a month. Following a visit to a primary care doctor in March 2014, a computed tomography (CT) scan revealed a moderate volume of ascites and a mass in the middle of the abdomen (Fig. 1A) . Initially, lymphoma was suspected, and oral prednisolone (60 mg/day) was administered for 3 days as a therapy with diagnostic intent; however, no relief of the symptoms was observed. Exploratory laparotomy indicated a protruded large tumor in the mesenterium and 2,500 ml of chylous ascites. Microscopic examination of the tumor biopsy sample was unable to establish a diagnosis. In April 2014, the patient was referred to the Department of Hematology and Successful combination chemotherapy for metastatic inflammatory myofibroblastic tumor: A case report KYOKO Intensive histological examination of the previously obtained tumor sample demonstrated the proliferation of mildly atypical cells that possessed enlarged, spindle to polygonal shaped nuclei and vesicular chromatin arranged in a haphazard pattern. These tumor cells were accompanied by an infiltration of lymphocytes and plasmacytes (Fig. 3A) . Immunohistochemical staining of the atypical tumor cells was categorized as follows: Positive, >10% cells stained, moderate-high intensity; negative, 0% cells stained; or focally positive, not within the criteria for positive or negative. The analyses revealed that the cells were positive for CD68, focally and weakly positive for murine double minute 2 (MDM2; Fig. 3B ) and focally positive for S-100 protein; by contrast, the cells were negative for α-smooth muscle actin, cyclin-dependent kinase 4 (CDK4), ALK and CD35. The tumor was also negative for Epstein-Barr virus-encoded small RNAs as assessed by in situ hybridization. In addition, the plasmacytes were negative for immunoglobulin G4 (IgG4). These histological features suggested a type of inflammatory pseudotumor (IPT)-like lesion; however, establishing a more accurate diagnosis was difficult. The differential diagnosis included IMT, IPT-like dedifferentiated liposarcoma (DLS).
At 7 days after admission, epigastrium and back pain, a high fever and significant elevation of serum pancreatic and biliary enzyme levels [lipase, 712 U/l (normal, 16-51 U/l); total bilirubin, 3.5 mg/dl (normal, 0.4-1.5 mg/dl); alkaline phosphatase, 1,553 U/l (normal, 106-322 U/l); γ-glutamyl transpeptidase, 1,070 U/l (normal, 13-64 U/l)] were manifested. An MRI scan revealed tumor invasion of the pancreas 
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head causing severe stenosis of the main pancreatic and choledochal duct. Catheterization was then performed and the tumor exhibited rapid growth and invaded to the adjacent tissue, which suggested a malignant neoplasm. Although a diagnosis could not be confirmed based on the histological features alone, the patient was finally diagnosed with an IMT based on the aforementioned clinical and histological findings, including inflammatory symptoms and radiological images. The patient received doxorubicin (15-25 mg/m 2 , days 1 and 2) and ifosfamide (1.75-2 g/m 2 , days 1-5) every 3-4 weeks (AI therapy), beginning in May 2014. A reduced dosage of chemotherapy was used due to liver dysfunction and to avoid a fatal adverse event, such as febrile neutropenia, in the subsequent cycle. Following the 4th cycle of chemotherapy, a CT scan revealed a 50% reduction in the baseline sum of the longest diameter of the target regions (from 12.5 cm to 6.2 cm), no size changes of the masses (all 6-7 mm in the minor axis; these had been hypermetabolic on previous FDG-PET in the celiac artery and para-aortic region, the dorsal region of the thoracic descending aorta and the left supraclavicular region), the disappearance of ascites and the absence of new lesions, which was classified as partial response according to the Response Evaluation Criteria in Solid Tumors (7) (Fig. 1B) . The patient experienced neutropenia (grade 4; according to Common Terminology Criteria for Adverse Events version 4.0) (8), febrile neutropenia (grade 3) and sepsis by Enterococcus cloacae (grade 4) during the 1st cycle, as well as anorexia (grade 2) and fatigue (grade 1) for 5-6 days following the initiation of each cycle of treatment. In addition, the patient did not present any tumor-associated symptoms and the laboratory data, including C-reactive protein level, erythrocyte sedimentation, platelet count and IL-6 level, were within the normal limits. The patient was planned to continue the chemotherapy up to a maximum of 7 cycles due to the dose-limiting cardiac toxicity of doxorubicin.
Around the 5th cycle of AI therapy, radiological examination revealed a moderate amount of ascites without any change in the size of other lesions. From the 6th cycle, oral prednisolone (30 mg/day) was initiated in combination with the ongoing therapy, however, there was no change in the amount of ascites. Following the 7th cycle of AI therapy, multiple new liver metastatic lesions and hypermetabolic masses in the mediastinum, axilla and intraabdominal region were revealed by FDG-PET. For second-line chemotherapy, the patient was administered with a combination therapy of gemcitabine and docetaxel, commencing in November 2014, which was ineffective. The patient succumbed to liver failure at around 7 months after the start of AI therapy.
The patient provided written informed permission for the publication of this case.
Discussion
Inflammatory pseudotumors (IPTs) include a wide variety of tumors from benign to malignant neoplasms, such as the calcifying fibrous tumor, IgG4-associated inflammatory tumor, IPT-like follicular dendritic cell sarcoma, IMT-like DLS and IMT. Although it is occasionally difficult to histologically differentiate between such tumors, the nature of these diseases is diverse, particularly in terms of etiology (3) . A chromosomal translocation involving 2p23 and subsequent ALK gene rearrangement was previously identified in ~50% of IMT cases; however, older patients with IMT tend to be negative for this translocation and gene rearrangement (3, 4) . While detection of ALK gene rearrangement in IPTs yields the primary evidence for the diagnosis of IMT, a definitive diagnosis is frequently difficult to achieve in cases of IMT without ALK gene rearrangement (3) . The present case exhibited the following pathohistological features that were characteristic of IPT: i) proliferation of mildly atypical spindle cells; ii) low frequency of mitotic figures; and iii) prominent infiltration of various inflammatory cells, including plasma cells and lymphocytes. In addition, the patient suffered from severe general fatigue and fever, and blood tests revealed a prominent elevation of the inflammatory response; these features are compatible with a diagnosis of IMT (1) . CT and MRI scans demonstrated that the tumors originated from the soft tissue of the abdomen and presented a combination of high and low signal intensities on a T2-WI. The region of low signal intensity on the T2-WI was enhanced in the delayed A B phase of the CT scan, which indicates a fibrotic region, and this finding is also consistent with IMT. The greatest differential diagnosis may be DLS, which rarely exhibits similar pathohistological characteristics with IMT (9). DLS is often diagnosed in older adults, as in the present case. Considering the heterogeneity of the tumor, DLS cannot be definitively excluded from the diagnosis due to the relatively small size of the biopsy sample. A recent immunohistochemical study of DLS samples revealed strong positive staining for MDM2 and CDK4 due to amplification of chromosome 12q13-15 and the subsequent co-amplification of the MDM2 and CDK4 genes (10) . MDM2 gene amplification has also been detected in 27% of IMT cases (11) . Therefore, the focally-and weakly-positive staining of MDM2 and the negative staining of CDK4 in the present case could suggest a diagnosis of DLS; however, this evidence could not confirm or exclude DLS. Considering both the clinical and pathohistological findings, the current patient was finally diagnosed with IMT.
The primary therapy for IMT is complete resection of the tumors (5). However, this therapy may not be suitable in the present case due to the large size of the tumor surrounding large vessels, as well as due to the presence of metastatic regions. Although the number of previous reports on IMT is limited, a small number of cases have been reported (5, (12) (13) (14) (15) (16) . A study reporting a case with ALK gene rearrangement-positive IMT demonstrated the failure of AI therapy followed by maintenance with imatinib subsequent to surgery (12) . Another case of retroperitoneal IMT underwent systemic chemotherapy with vincristine plus methotrexate and radiation, and no recurrence was observed for 2 years (5). In addition, certain studies on IMT cases in children reported the use of various chemotherapeutic drugs or regimens, including methotrexate, vinblastine, cisplatin, doxorubicin and ifosfamide, which demonstrated variable responses and thus their efficacy is unclear (13, 17, 18) . Non-steroidal anti-inflammatory drugs (NSAIDs) and corticosteroids have also been studied as treatment options for IMT. Vascular endothelial growth factor (VEGF) and cyclooxygenase (COX)2 are highly expressed in the infiltrating inflammatory cells of IMT (14) . The COX2 inhibitor is considered to suppress angiogenesis in the tumor tissue via interference with the COX2/prostaglandin/VEGF axis. Two abdominal IMT cases were reported to be responsive to NSAIDs (15) . Systemic chemotherapy was administered for the present patient due to the effects of the aggressive tumor on the surrounding organs, including obstructive jaundice and chylous ascites. The combination chemotherapy of doxorubicin and ifosfamide that was employed in the current study was based on the chemotherapy regimen for unresectable non-small round cell soft tissue sarcomas (19) . The 4th cycle of the chemotherapy induced 50% reduction in the tumor diameter, suggesting the effectiveness of the therapy. Celecoxib (400 mg per day) was also administered from the initiation of chemotherapy since the patient suffered from back pain, while dexamethasone (20 mg/day, days 1-6 of AI therapy) was used for prophylaxis of emesis. There is a possibility that these additional agents may have also affected the suppression of tumor growth.
The kinase activity of the ALK fusion protein has been suggested to play a pivotal role in ALK rearrangement-positive IMT development, in a similar manner to that of the EML4-ALK fusion protein in non-small cell lung cancer and that of NPM1-ALK or other associated fusion proteins in aplastic large cell lymphomas (20) . However, considering that only ~50% of IMT cases present ALK gene rearrangement and that cases with and without ALK gene rearrangement exhibit almost the same clinical and pathohistological characteristics, it is possible that unknown gene alterations may exist in these IMT cells. Although IMT cells have slightly atypical cell morphology and are classified as intermediate malignant tumors, aggressive local invasion or distant metastasis are also observed. Further investigation of the tumorigenicity of ALK rearrangement-negative IMT and establishment of effective therapies for these tumors is required. In conclusion, the current study reports a rare metastatic case of IMT in which disease control was achieved through systemic chemotherapy.
